(https://www.safetyreporting.hhs.gov/) or through a FDA District Office. The FDA Center for Veterinary Medicine evaluated the complaints (https://www.fda.gov/Safety/ ReportaProblem/QuestionsandAnswersProblemReporting/ ucm056069.htm), and the FDA Veterinary Laboratory Investigation and Response Network (Vet-LIRN; https://www.fda. gov/AnimalVeterinary/ScienceResearch/ucm247334.htm) requested medical records and conducted dietary and environmental exposure interviews to obtain signalment and significant clinical histories from both case investigations (Table 1) .
Clinical samples, leftover open products, and closed unopened products were tested for foodborne pathogens, primarily Salmonella and Listeria in case 1, with the addition of E. coli in case 2. In both cases, product pathogen testing was 823046V DIXXX10.1177/1040638718823046Whole genome sequencing to confirm pet foodborne illnessJones et al.
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informed by the results of the animal pathogen testing and prior reports of Salmonella, E. coli, and Listeria in raw pet foods. 18 The matrices tested, requested pathogens, and test methods used from the 2 case investigations are summarized in Supplementary Table 1 , and brief details are provided below.
Culturing of fecal and large intestinal contents for Salmonella was performed by 2 laboratories. The Animal Disease Diagnostic Laboratory of the Ohio Department of Agriculture (OH-ADDL) performed enriched culture of the fecal samples. Fecal samples (~1 g) were added to tetrathionate broth (TTB) and buffered peptone water (BPW; Hardy Diagnostics, Santa Maria, CA) and incubated at 37°C for 24 h. The incubated TTB was plated onto brilliant green with novobiocin agar (BGN; Hardy Diagnostics) and xyloselysine-tergitol 4 agar (XLT-4, Hardy Diagnostics) and incubated at 37°C for 24 h. The incubated BPW was inoculated into Rappaport-Vassiliadis broth (RV; Becton, Dickinson, Franklin Lakes, NJ) and TTB, and the broths were incubated at 42°C and 37°C, respectively, for 24 h. The RV and TTB broths were plated onto BGN and XLT-4 and incubated at 37°C for 24 h. All agar plates were observed for 48 h, and suspect Salmonella colonies were subcultured onto MacConkey agar and confirmed as Salmonella sp. by matrix-assisted laser desorption time-of-flight mass spectrometry (MALDI-TOF MS; Bruker Daltonics, Billerica, MA).
The Athens Veterinary Diagnostic Laboratory at the University of Georgia College of Veterinary Medicine (GA-AVDL) examined the large intestinal contents for Salmonella. Intestinal content (~1 g) was added to selenite broth (SE; Remel, Lenexa, KS) and incubated at 40 ± 2°C for 18 h. The intestinal content was also plated directly onto MacConkey agar (Remel) and incubated at 35 ± 2°C for 18 h. The incubated SE was plated onto brilliant green agar (Remel) and xylose-lysine-deoxycholate agar (Remel) and incubated at 35 ± 2°C for 18 h. All agar plates were observed for 48 h; suspect Salmonella colonies were confirmed as Salmonella sp. by MALDI-TOF MS (Vitek MS, bioMéri-eux, St. Louis, MO), and were serogrouped (Poly A-I antiserum, BD Diagnostics, Sparks, MD). Salmonella sp. isolates were sent to National Veterinary Services Laboratories for serotyping.
Salmonella cultures of food were performed by 2 laboratories. The Consumer Protection Laboratory of the Ohio Department of Agriculture (OH-CPL) used a VIDAS Salmonella Screen (bioMérieux, Durham, NC), described by the Association of Analytical Communities (AOAC) International Official Method of Analysis (OMA) 2004.03, 3 and any positive samples were confirmed using a method for Salmonella described in the FDA Bacteriological Analytical Manual (BAM). 1 The FDA Office of Regulatory Affairs (ORA) Laboratory used a culture method described in the FDA BAM for Salmonella. 1 The OH-ADDL cultured feces for Listeria sp. by inoculating BPW and UVM modified Listeria enrichment broth (Becton Dickinson) with ~1 g of feces. After 24 h of incubation at 37°C, both the BPW and UVM broth were inoculated into fresh UVM broth and incubated for an additional 24 h at 37°C. The UVM broths were plated onto modified Oxford medium (Hardy Diagnostics) and incubated for 72 h at 37°C, checking for growth every 24 h. The OH-CPL screened the food using the VIDAS Listeria sp. Screen (bioMérieux), described in the AOAC OMA 999.06, 2 and positive samples were culture confirmed using the method described in the FDA BAM for Listeria. 9 The FDA ORA Laboratory also cultured the food for Listeria sp. using the method described in the FDA BAM for Listeria. 9 The GA-AVDL cultured for E. coli from liver and kidney tissue using an aerobic culture method. Each tissue was macerated and plated directly onto 5% sheep blood agar and MacConkey agar (Remel) and incubated at 35 ± 2°C for 18 h. All agar plates were observed for 48 h, and suspect colonies were confirmed as E. coli by MALDI-TOF MS (Vitek MS). The FDA ORA Laboratory isolated and identified E. coli from the food using the method described in the FDA BAM for E. coli. 7 The bacteria isolated from the animal clinical samples and raw pet foods are summarized in Table 2 . OH-ADDL performed antimicrobial susceptibility testing by a minimum inhibitory concentration (MIC) method for the cat Salmonella isolate (Sensititre companion animal MIC plate, Thermo Fisher Scientific, Waltham, MA). OH-ADDL and OH-CPL serotyped the animal and case 1 food isolates using SISTR (https://lfz.corefacility.ca/sistr-app/) based on the WGS data of each isolate. The FDA ORA laboratory serotyped the isolates using the methods described in the FDA BAM for Salmonella. 1 The serovars were identified based on the antigenic formulas as described previously. 8 All isolates from the cases were sequenced. The OH-ADDL method involved library preparation (Nextera XT kit, Illumina, San Diego, CA) and sequencing (MiSeq v2 [250×250] reagent kit, Illumina). The FDA ORA Laboratory method for library preparation and DNA sequencing follows the GenomeTrakr standard operating protocol. 23 After sequencing, the OH-ADDL and FDA ORA laboratories uploaded the WGS data through the GenomeTrakr network to GenBank (https://www.ncbi.nlm.nih.gov/genbank/).
For all isolates, the OH-ADDL performed core genome multi-locus sequence typing (cgMLST) analysis on the bacterial isolates following a previously described method 15 and using SeqSphere v.3.5 (Ridom, Münster, Germany) and online WGS databases. 16, 24 The animal and pet food isolate sequences were phylogenetically compared for relatedness. OH-ADDL identified genotypic antimicrobial resistance genes and plasmids using PlasmidFinder (https://cge.cbs.dtu. dk/services/PlasmidFinder/). Case investigation 1 involved a breeder housing 11 cats and 2 raw cat foods ( Table 1) . One of 4 cats tested positive for Salmonella enterica subsp. enterica serovar Reading, but the initially reported product, food 1, tested negative for Salmonella ( Table 2 ). The owner interview identified an unreported product, food 2, which was fed to the cats. No food 2 product was available for testing, but Vet-LIRN tested storebought samples. One of 5 store-bought samples of food 2 tested positive for Salmonella Reading ( Table 2 ). The Salmonella Reading isolates from the asymptomatic cat 1 fecal and raw turkey food 2 clustered together (Fig. 1A) ; the isolates also clustered with a 2012 Tennessee ground turkey isolate (CVM N43241). The Salmonella Reading phenotypic and genotypic antimicrobial resistance patterns are provided in Supplementary Table 2 .
Case investigation 2 involved complaints from 2 households feeding food made by the same manufacturer. The first household was a breeder housing adult dogs and a new litter of puppies, feeding a raw dog food (Table 1) . One puppy that died of septic bacterial enterocolitis cultured positive for Salmonella Anatum. The second household was a breeder housing an unknown number of adult cats and multiple litters of kittens, feeding a raw cat food (Table 1) . Two kittens died, but no clinical samples were tested for bacterial pathogens. Three different Salmonella serovars were isolated from the raw pet foods (food 7, 8, 9; Table 2 ). The cgMLST analysis (Fig. 1A) showed that the Salmonella Anatum isolate from the puppy was closely related to the food 8 isolate and also clustered with the food 9 isolate that was collected from the cat household. The remaining 5 Salmonella isolates (Fig. 1A) , serovars Montevideo and Newport, from foods 7 and 8 were distantly correlated to the puppy clinical isolate. In both case investigations, WGS analysis suggests that the pets likely contracted Salmonella after ingesting their respective raw pet foods.
Collectively, 13 L. monocytogenes isolates were recovered from the 2 cases (Table 2) . In case 1, 3 of 5 store-bought products tested positive for L. monocytogenes. The cgMLST analysis (Fig. 1B) of the whole genome sequences indicated that 4 L. monocytogenes isolates from food 3 and 4 closely correlated with each other and clustered together with a 2015 human clinical isolate (PNUSAL001428) in lineage II. By contrast, the food 2 isolates clustered together and were relatively related to a 2006 human clinical isolate (FSL J1-194) in lineage I. WGS suggests that the products from case investigation 1 were likely contaminated by a common source of L. monocytogenes. In case investigation 2, 2 samples of raw dog food tested positive for L. monocytogenes. Three (FDA00011069-FDA00011071) of 4 L. monocytogenes isolates (Fig. 1B) from food 7 and all 3 L. monocytogenes isolates from food 8 formed 2 genetic clusters under lineage I. One isolate from food 7 (FDA00011068) belonged to lineage II. It is unclear based on WGS if the 2 products from case investigation 2 were contaminated by the same or different sources of L. monocytogenes. The serovars of S. enterica and E. coli isolates were predicted based on the whole genome sequencing data using online databases. 14, 15, 23 Scale bars indicate the distance of 10% dissimilarity.
In case investigation 2, E. coli was recovered from the puppy that died of septic bacterial enterocolitis and from the raw food fed to the cats (food 9). The cgMLST analysis showed that the puppy E. coli isolate was distantly related to only 1 of the 7 E. coli isolates (FDA00011151; Fig. 1C ) from food 9. The remaining 6 E. coli isolates (FDA00011145-FDA00011150) from food 9 clustered together and were distinct from the puppy clinical isolate (Fig. 1C) . Both E. coli and Salmonella can cause diarrheal illness and sequelae, such as neurologic disease as a result of encephalitis.
6 WGS analysis showed a connection between the Salmonella, but not the E. coli, isolates in the raw food and ill cats in case investigation 2. Thus, the cause of the illnesses in case 2 was very likely a consequence of ingesting the raw cat food.
The manufacturers from case investigations 1 and 2 voluntarily recalled the raw pet foods matching the lot and bestby date of the contaminated products.
Case investigations of human foodborne illness are often multidisciplinary, involving epidemiology, consumer exposure interviews, clinical information, product trace-back, and laboratory techniques including WGS. 4, 10, 12, 13 Investigations of animal foodborne pathogens including WGS information are not commonly reported in the literature. A multidisciplinary approach using pulsed-field gel electrophoresis (PFGE) and ribotyping for a Salmonella enterica outbreak at a Greyhound breeding facility was reported in 2006, 17 and 2 previous articles reported WGS data for Salmonella and Campylobacter spp. isolates from dog feces. 19, 20 Our study documents a valuable approach that will enable veterinary diagnosticians to identify cases of pet illness caused by contaminated raw pet foods.
Our report reinforces the important role of veterinary diagnosticians in safeguarding public health. If foodborne illness-causing bacteria are isolated from companion animals, diagnosticians should encourage veterinarians to conduct a thorough feeding history review. All 3 consumers in our report were breeders. A prior study indicated that 4% of dog breeders feed a raw diet to puppies, and that most breeders make dietary recommendations. 5 Puppies and kittens fed contaminated raw pet food may be a health risk for other animals and people, especially when those animals are sold or commercially transported. It is critical that veterinarians educate pet owners, especially animal breeders, and retail employees who sell pet foods about the risks of feeding and handling raw pet food.
Our case report also highlights the importance of testing fecal samples from multiple animals within a household. The literature indicates that, even though dogs and cats may not be diarrheic, they can still carry Salmonella, 20 a situation observed in case investigation 1. Therefore, it may be prudent to test multiple animals, both diarrheic and non-diarrheic, that eat a suspected diet or live within the same household environment (e.g., cats sharing a litter box) to increase the likelihood of isolating a foodborne pathogen. Pet owners, veterinary staff, and veterinary diagnosticians should be cautious when handling clinical samples (e.g., feces) and potentially contaminated raw pet foods that could contain zoonotic bacteria.
WGS has emerged as a powerful tool for comparing foodborne isolates. Several lines of evidence have demonstrated that WGS provides a significantly higher level of discriminatory power than the traditional typing methods, including serotyping, PFGE, MLST, and multiple-locus variable number of tandem repeat analysis. 10, 12, 16, 21 Additionally, by using online databases, WGS data can be used to correctly predict serovars of Salmonella and E. coli, help track the occurrence of antimicrobial resistance genes, and potentially identify clusters of human or animal foodborne illness outbreaks. 11, 15, 22, 24 Veterinary diagnostic laboratories can play a significant role in public health by conducting WGS and genomic analysis of paired animal clinical and animal food isolates to identify animal foodborne illness outbreaks and thus, in partnership with FDA, safeguard animal food.
